Introduction
In natural areas, forest floor layers overlying mineral soils contribute to ecosystem recovery after disturbance as they are rich sources of native plant seeds and propagules (Pare et al. 1993; Whittle et al. 1997) , and provide energy and nutrients to the soil microbial community (Fyles and McGill 1987; Vancleve et al. 1993) . Biogeochemical cycling between soils, microbes, and plants is one of the most critical factors required to insure long-term sustainability in forest ecosystems. While the soil microbial community is responsible for processes such as nutrient cycling (Wagner 1998) and organic matter accumulation (Bradshaw 1984; Frouz et al. 2007) , which are central to the support of plant growth (Wagner 1998) , soil microbial communities have also been found to be highly influenced by vegetation (Bach et al. 2008) . For example, in the boreal mixed-wood forest of western Canada, aspen (Populus tremuloides Michx.) dominated stands host soil microbial communities that have greater total biomass and are structurally different from the communities found under spruce (Picea glauca (Moench) Voss) dominated stands (Flanagan and Vancleve 1983; Hannam et al. 2007; Lindo and Visser 2003) . Further, plant communities determine litter composition (Saetre and Baath 2000) , a primary source of energy and nutrients for the soil microbial community (Schutter and Dick 2001; Broughton and Gross 2000) .
Abiotic conditions such as soil pH (Priha et al. 2001) , temperature and moisture may play an equally important role as vegetation in driving soil microbial community composition (Fierer et al. 2003; Zak et al. 1999; Zogg et al. 1997) . To illustrate, patterns in soil microbial community composition were so affected by seasonal precipitation that the influence of vegetation was masked during times of high precipitation, but perceivable during low rainfall seasons (Swallow et al. 2009 ). Similarly, microbial biomass was shown to increase in the spring and decrease in the autumn when environmental conditions are drier in temperate grasslands (Bardgett et al. 1999 ). Climatic differences and specifically soil moisture regimes have been proposed as important drivers of soil microbial community composition in cases of significant temporal seasonal differences (Bardgett et al. 1999; Bell et al. 2009; Prevost-Boure et al. 2011; Swallow et al. 2009 ). While many studies have investigated seasonal effects on the soil microbial community, to our knowledge no study characterizing composition of the soil microbial community has spanned more than three years (e.g.; Bell et al. 2008; Bell et al. 2009) , and captured the entirety of site climatic conditions. Soil microbial communities, are thus controlled by an intricate and dynamic combination of biotic and abiotic conditions. A better understanding of the drivers of soil microbial community composition will further current knowledge in ecosystem processes and lead to improved sustainable management of natural resources. The overall objective of this study was to determine the long-term influence of two types of organic amendments on soil microbial community development following open-pit mining in the Athabasca oilsands region of northwestern Alberta, Canada. Currently two sources of amendments are used in the region: peat, which is salvaged from the abundant lowland pre-mining areas, and forest floor, which is obtained from upland boreal forest stands similar to the reclamation target ecosystems. The application of forest floor materials to reclaimed areas has been shown to provide a source of propagules, and results in a greater native revegetation response compared to sites reclaimed with peat (Mackenzie and Naeth 2006) . However, whether the greater presence of native plants promotes soil microbial communities more similar to those on natural forest sites is yet unknown. We hypothesized that the combined effect of upland forest floor organic matter and associated native vegetation would promote soil microbial communities more similar to those found in natural forest stands as compared to soils reconstructed using lowland organic matter. We characterized the soil microbial community from field samples collected over seven consecutive years. Additionally, we assessed the relative importance of abiotic conditions on the soil microbial communities of both reclaimed and natural forested sites, by manipulating soil moisture in a laboratory incubation experiment. Here, we hypothesized that by increasing moisture, and thus lifting soil moisture limitation, the soil microbial communities on the reclaimed sites, typically found to have significantly less soil moisture that the natural sites (McMillan 2007) , would become more similar to those found on the natural reference stands.
Materials and methods

Study area
The research sites were located approximately 40 km north of Fort McMurray, Alberta (56.72°N 111.37°W) in the Central Mixedwood Region of the Canadian boreal forest (Natural Regions Committee 2006), within the Athabasca Oil Sands Region (AOSR). Glaciolacustrine sediments and morainal till make up 45 % of the soil parent materials in the area, while an additional 15 % of the landscape is covered by colluvial and glaciofluvial deposits. Medium to fine textured Gray Luvisols (Haplocryalfs according to the USDA classification) are the most prevalent mineral soils, although Dystric Brunisols (Dystrocryepts) and Gleysols (Cryaquepts) are found on approximately 10 % and 5 % of the region, respectively. The remaining 40 % is occupied by organic soils, which occur within bogs and treed fens (Natural Regions Committee 2006; Soil Classification Working Group 1998) . Trembling aspen (Populus tremuloides Michx.), white spruce (Picea glauca (Moench) Voss), and jack pine (Pinus banksiana Lamb.) dominate the forest landscape on the gently undulating plains. The region receives an average of 456 mm of precipitation annually (Table 1) , and has an average of 69 frost-free days (Environment Canada 2010). Summers are short and cool with an average temperature of 16.3°C while the long winters that can extend from September to May experience an average temperature of -21.5°C (Turchenek and Lindsay 1982) .
Resource extraction in the Athabasca Oil Sands Region (AOSR) disturbs ecosystems at the landscape scale. Two of largest oil sands mining companies in the AOSR, Syncrude Canada Ltd and Suncor Energy Inc., use trucks and shovels to remove 40 m of geological material and then carry the bitumen-rich sands to the appropriate extraction facilities. Prior to the onset of mining, surface materials (0-3 m) are removed in lifts and stored separately from the deeper geological material, called overburden, until they can be used to reconstruct soils (Lanoue 2003) . During reclamation, soil-like profiles are created by placing organic amendments atop mineral materials, including overburden or tailings sand (a byproduct of the bitumen refining process). Currently, the two main types of organic amendments used in upland reclamation in the AOSR consist of either peat or forest floor material obtained by salvaging peat (up to meters deep) or forest floor (several centimeters deep) from either adjacent peatlands or upland forests. Peat may be used directly, or organic reclamation treatments may be obtained by mixing either peat or forest floor materials with the mineral soil below (Fung and Mackyk 2000) , resulting in either a peat-mineral soil mix (PM), or a forest floor-mineral soil mix (FFM). These treatments typically range in organic: mineral material ratios between approximately 40 % and 70 % (Lanoue 2003) and thus differ in both organic carbon content (g Kg −1 ) and C:N ratio (Table 2) .
Three sites were used in this study. Each of these three sites contained at least one plot reclaimed with FFM and one reclaimed with PM. The PM and FFM reclamation treatments for all sites were harvested from peatlands and aspen-dominated upland forests located in the Athabasca River valley and placed at a depth of 5-20 cm on the reclaimed plots. Sites were constructed from 1998 to 2004, and were located on either Syncrude Canada Ltd. mine site, or Suncor Energy Inc. reclamation area (Table 3 ). Planting and fertilization varied among sites. As described by McMillan (2007) , vegetation on the reclaimed sites was dominated by common yarrow (Achillea millefolium L.), fireweed (Epilobium angustifolium L.), and graceful cinquefoil (Potentilla gracilis Dougl Ex Hook var. gracilis), peavine sp. (Lathyrus sp.), sweet clover sp. (Melilotus sp.) and wild strawberry (Fragaria virginiana Mill.) .
Luvisolic soils (Haplocryalfs) supported the three mature forest (all >70 years of age) reference stands included in this study. The reference sites included two aspen-dominated sites, as well as a mixed white spruce-aspen stand, which were located either on the Syncrude Canada Ltd. mine site, or in close proximity (Table 3 ). The two natural aspen-dominated stands supported understory vegetation typical of this type of ecosystem, that includes low bush cranberry (Viburnum edule Michx.), rose (Rosa sp.), green alder (Alnus crispa (Ait.) Pursh), Canada buffaloberry (Shepherdia canadensis (L.)), hairy wild rye (Elymus innovatus, (Beal) Pilg), bunchberry (Cornus canadensis, L.), wild sarsaparilla (Aralia nudicaulis L., Araliaceae), dewberry (Rubus pubescens, Raf.) and fireweed (Epilobium angustifolium L.). Understory vegetation at the mixed white spruce-aspen stand was similar to that of the aspen-dominated sites with the addition of stairstep moss (Hylocomium splendens (Hedw.)), Scheber's moss (Pleurozium schreberi (Michx.)) and knight's plume moss (Ptilium crista-castrensis (Hedw)).
Field assessment and soil sampling
Vegetation assessment
In August 2010, five 5 m 2 locations were selected for further vegetation characterization at 5 m intervals along a 25 m transect on both reclamation treatments at all reclaimed sites, as well as at the two natural sites located on the Syncrude Canada Ltd. mine site. Within each 5 m 2 location, percent cover of graminoids, forbs, shrubs, trees, bare ground, litter and moss were recorded (AMEC Earth and Environmental 2003; AMEC Earth and Environmental 2006) . Each class was assessed on a 0-100 % basis. Average number of trees present in the reclaimed plots (including Site 3, where volunteer trees were present) was also recorded.
Soil sampling
Soil samples (0-7.5 cm) from the reclaimed sites were taken annually from 2004 to 2010 for microbial characterization (Table 3) . Annual sampling always occurred in August for consistency reasons. However, because Site 3 was constructed during the initial sampling year (2004), sampling of this site did not start until 2005. The natural sites were also included and sampled 8 times over the seven years of this study. Further, additional samples were taken in 2005 and 2010 in order to compare seasonal variability to annual variability. On both treatments at all three sites, as well as at the natural sites, five replicate soil samples were collected using a metal cylindrical soil corer 7.5 cm in diameter at 5-meter intervals along a 25 m transect. Identifiable plant residues were discarded, and the remaining samples were put into individual sterile Whirlpack TM bags. All equipment was washed with ethanol between treatments to mitigate cross contamination. The samples were placed in coolers and kept cold using ice packs until their arrival at the laboratory, where they were immediately stored at -82°C until they were freeze dried in preparation of the phospholipid fatty acid extraction. Samples collected in September 2010 were also used to measure soil pH. In September 2009, additional samples were collected for a moisture manipulation experiment from all reclaimed sites and the on-site aspen-dominated natural stand. Initially, subsamples from each plot were gathered to determine gravimetric moisture content. Bulk samples of about 20 L of material were then collected to a depth of approximately 10 cm from various, randomly selected, locations on the site. Samples were subsequently air dried and sieved to 4 mm prior to the moisture manipulation experiment.
Laboratory Analyses
Soil physical and chemical properties
Gravimetric water content was calculated on a dryweight basis by oven drying soils at 65°C for 3 days (ISO 11465 1993) . To measure pH, 0.01M calcium chloride was added to oven-dried soil (not sieved) using a 2:1 solution:soil dilution ratio as described in (Kalra and Maynard 1991) . Texture was determined on oven-dried, sieved (< 2 mm) soils, using the hydrometer method as outlined in (Sheldric and Wang 1993) . Total carbon and nitrogen contents in ball ground (Retsch, MM200) samples were measured using a Costech 4010 Elemental Analyzer System (Costech Analytical Technologies Inc., Valencia, CA, USA) fitted with a thermal conductivity detector.
Moisture manipulation incubation experiment
Four moisture levels were selected for this experiment, 60 % (a water content similar to that measured in the natural stands), 45 %, 30 % and 15 % (a water content similar to that measured in the reconstructed soils) (Table 2) all of which were calculated on a dryweight gravimetric basis. Three replicates from the natural site and each treatment from all three reclaimed sites were prepared for the four moisture levels selected using deionized water (for a total of 84 samples). The samples were incubated in sterile Whirlpack TM bags for 6 months in a dark room kept at 22°C. Bags were opened weekly to avoid samples becoming anaerobic. They were weighed monthly and the moisture level was readjusted to its original moisture content by adding deionized water as needed.
Phospholipid fatty acid (PLFA) analysis was used to characterize the soil microbial community composition for three separate data sets (total of 420 samples): 1. a 7 year chronosequence in which samples collected in August from 2004 to 2010 were included; 2. a comparison of seasonal versus annual differences; and 3. the moisture manipulation experiment. Samples were taken from the deep freeze, and freeze dried, prior to PLFA analysis to remove moisture and maintain the integrity of the PLFAs. Polar lipids were extracted from the soil samples (1.5 g) through a modified Bligh and Dyer (Frostegard and Baath 1996; Frostegard 1996) . Extracts were then isolated using pre-packed silicic acid columns (Agilent Technologies, Wilmington, DE). Lastly, a mild alkaline methanolysis was used to form fatty acid methyl esters (PLFAs), which were then separated and quantified with an Agilent 6890 Series capillary gas chromatograph (Agilent Technologies, Wilmington, DE) fitted with a 25 m Ultra 2 (5 %-phenyl)-methylpolysiloxane column. Peaks were identified using the MIDI peak identification software (MIDI, Inc., Newark, DE) and a bacterial fatty acid standard (Hannam et al. 2006; Swallow et al. 2009 ). PLFA data were expressed on a nmol PLFA g −1 basis after being relativized by the internal standard.
Statistical analyses
All PLFAs (≤ 20 carbons in length) identified by the MIDI software were included in the analysis. Total microbial biomass was calculated by summing all PLFAs on a nmol PLFA g −1 basis. A Hellinger transformation was used to relativize the data (Legendre and Gallagher 2001) . Non-metric multi-dimensional scaling (NMDS) ordinations were used to explore the PLFAs data in the long-term community composition study and the moisture manipulation experiment using PC-Ord software version 5 (MjM Software Design, Gleneden Beach, OR). Variation in the soil microbial community by year and season, both within and between sites was assessed. The NMDS ordinations were also used to compare seasonal versus annual differences. This method was selected given its suitability for multivariate data (~80 plfas were measured per sample). Further, this method is well adapted to the large range in data distribution and variance that we observed between samples, years, months, sites and reclamation treatments. The Multi-Response Permutation Procedure (MRPP) was used to test for significant differences among microbial grouping patterns linked to specific groups (such as treatment, site, year or moisture level) as identified on the NMDS ordinations. Results from an MRPP analysis include the following three variables: the T value, which represents the difference(s) between groups, a more negative value signifying a greater difference; the A value, which represents the variation within groups, where 1 signifies that all points within the group are identical and 0 indicates a variation equal to that of random numbers; and the p value, which represents the significance of these values (Zimmerman et al. 1985) . The Sorensen (Bray-Curtis) dissimilarity index was used for all ordinations and MRPPs. An alpha of 0.05 was used for all statistical tests. The R package (version 2.12.1, R Development Core Team) was used to test assumptions and conduct Wilcoxon rank sum tests comparing the total microbial biomass between treatments and among years, sites and moisture levels. A Bonferroni adjustment was used for multiple comparisons to maintain the family-wise Type I error rate at 0.05. Data collected from the vegetation assessment were used to calculate arithmetic means and standard deviations; however, no further statistical tests were conducted on the vegetation data.
Results
Plant and soil characteristics
The natural sites possessed, on average, over double the vegetative cover (226 %) and number of trees per plot (2.7) of any given reclaimed site (Fig. 1) . Differences between the two reclamation treatments (forest floor versus peat amendments) were visually apparent at each site in terms of vegetative cover and plant functional group distribution. Higher percent cover of trees, shrubs and forbs was found on plots reclaimed with the forest floor material (FFM) when compared to those reclaimed with the peat (PM). Additionally, higher numbers of trees per plot and total vegetative cover were observed on all plots reclaimed with FFM (1.5 and 138 %, respectively) compared to those reclaimed with PM (0.2 and 87 %, respectively). Plots reclaimed with FFM thus appeared more similar to the natural sites than those reclaimed with PM in terms of total plant cover and number of trees for all three reclaimed sites. Additionally, the percent cover of both forbs and shrubs found on the natural sites was more similar to plots reclaimed with FFM than to plots reclaimed with PM.
While all topsoil properties lacked sufficient replication to perform statistical analyses, trends in the data can be drawn based on descriptive statistics. Within a given site, soil texture was similar between reclamation treatments (Table 2 ). All soils had a comparable loamy texture, Site 2 contained the highest sand percentage, and Site 3 contained the most clay. Soils from the natural sites and the FFH reclaimed plots had comparable pH values ( Table 2 ). The pH of soils from plots reclaimed with PM was higher by an average of 0.7 pH units when compared to the plots reclaimed with FFM and the natural control site. The natural stands contained five to six times the soil gravimetric water content of any of the reclaimed sites. On the reclaimed sites, soil water content varied among sites rather than between reclamation treatments. The natural reference stands also contained approximately double the organic carbon of any of the reclaimed sites. Additionally, while the carbon to nitrogen ratios did not show any consistent differences between organic amendment types on the three reclaimed sites, the soil organic carbon content of the PM plots contained approximately double that of the FFM plots.
Long term microbial community composition monitoring
Wilcoxon rank sum tests failed to detect any significant differences in total microbial biomass between plots reclaimed with FFM and plots reclaimed with PM within any of the reclaimed sites, for any given year. Consequently, total soil microbial biomass data from both organic amendment treatments on each site were compiled to assess the relationship between biomass and time since initiation of reclamation. Soil microbial biomass was found to increase with time since reclamation on all reclaimed sites and ranged from 75 (2004) to 354 (2010) nmol PLFA g −1 (Fig. 3) .1 % and 29.9 % of the variation on the axes respectively (Fig. 2) . A stress of 13.9 was reached after 115 iterations. Year was found to be a stronger grouping factor (T0−60.42) than organic amendment type (T 0−13.69) or site (T 0−23.37). A secondary matrix including climatic data (Table 1) did not reveal any significant correlations that could help explain the annual differences in soil microbial communities. The (Fig. 2) further showed that all years were significantly different from one another (p<0.05). Years chronologically closer were not found to be more similar to one another in all cases. Consequently, time since reclamation was not the sole primary driver of soil microbial composition at these reclaimed sites. Additionally, using climatic data (Table 1) as vectors in the NMDS, no significant relationship was identified between the pattern of years found in the NMDS analysis and any of the climatic variables tested (vectors did not appear at a significance level below 0.05).
Several additional MRPP analyses were used to specifically assess the influence of site and reclamation treatment on soil microbial community composition within each individual year (Table 4 ). Significant differences among reclamation sites and between organic amendment treatments were found every year (with the exception of treatment in 2005). From 2004 to 2007, site was found to be a stronger grouping factor than reclamation treatment. However, in later years (2008) (2009) (2010) , reclamation treatment became a stronger grouping factor and surpassed that of site in 2008 and 2010 (e.g.; in 2008, site T0−7.11 vs. reclamation treatment: T: -8.46 ). This suggests that while site was initially the most important driver, the influence of organic amendment type on soil microbial composition increased with time since reclamation.
The soil microbial community composition of the reconstructed soils remained statistically different (p≤ 0.001) from that of the reference forest stands in all 3 years in which the natural soil microbial community was assessed; i.e. in 2004, 2009 and 2010 (Table 5) . Indicator species analysis (performed in PC-Ord) did (2004) (2005) (2006) (2007) (2008) (2009) (2010) on three reclaimed sites in the Athabasca Oil Sands Region averaged by treatment, site and year. Error bars denote one standard error from the mean for the x and y co-ordinates. The T value represents the difference(s) between groups, a more negative value signifying a greater difference; the A value represents the variation within groups, where 1 signifies that all points within the group are identical and 0 indicates a variation equal to that of random numbers; and the p value represents the significance of these values (Zimmerman et al. 1985) not reveal any identifiable PLFA that could help explain the differences between communities. However, the separation between both reclamation treatments and the natural reference sites decreased with time, as can be seen from the increasingly less negative T values in the MRPP analyses. These decreased from -11.42 for FFM and -11.54 for PM in 2004 to -6.28 for FFM and -10.33 for PM in 2010. Furthermore, the soil microbial community associated with the FFM treatments appeared to be converging towards the natural soil microbial community more quickly, as a greater increase in the T values was found in plots associated with FFM compared to plots associated with PM.
Moisture manipulation experiment
The NMDS ordination of the soil microbial communities at all four moisture levels produced a threedimensional solution, explaining 14.6 %, 52.5 % and 26.2 % of the variation on the three axes respectively, with a final stress of 10.02 after 111 iterations (Fig. 4) . Variation linked to differences in moisture levels was much higher for samples collected from the reconstructed soils than for those from the natural forest soil. Additionally, as moisture level increased, the soil microbial communities on the reclaimed sites became less similar to the natural soil microbial communities, as can be seen from increasing T values in individual MRPP tests (at 15 % moisture, T0−8.07; 30 % moisture, T0−11.31; 45 % moisture, T0−11.09; and 60 % moisture, T0−12.22).
Site (including the three reclaimed sites and the natural forest stand), rather than moisture, was found to be the principal driving factor for the differences found between the reclaimed and natural soil microbial communities. Site was found to be the strongest grouping factor as it had a more negative T and a larger A value (T: -15.66; A: 0.12) than did moisture level (T: -6.76; A: 0.05). All sites and treatments (including the natural LFH) were found to be significantly different from one another. The reconstructed Table 4 Multi-response permutation procedure (MRPP) results for soil microbial community composition (PLFA) in the Athabasca Oil Sands Region. Treatment compares FFM (plots reclaimed with forest floor-mineral soil mix) to PM (plots reclaimed with peat-mineral soil mix). Site compares three reclaimed sites (Site 1, Site 2 and Site 3) to one another. The T value represents the difference(s) between groups, a more negative value signifying a greater difference; the A value represents the variation within groups, where 1 signifies that all points within the group are identical and 0 indicates a variation equal to that of random numbers; and the p value represents the significance of these values (Zimmerman et al. 1985 Table 5 Multi-response permutation procedure (MRPP) results for soil microbial community composition (PLFA) in the Athabasca Oil Sands Region comparing samples collected from plots reclaimed with FFM (forest floor-mineral soil mix) and PM (peat-mineral soil mix) to those collected from natural forest sites (Natural). The T value represents the difference(s) between groups, a more negative value signifying a greater difference; the A value represents the variation within groups, where 1 signifies that all points within the group are identical and 0 indicates a variation equal to that of random numbers; and the p value represents the significance of these values (Zimmerman et al. 1985 soil microbial communities were more different from those found in the natural forest (FFM vs. Natural LFH: T: -12.20; A: 0.11; PM vs. Natural LFH: T: -13.29; A: 0.11) than they were from each other (FFM vs. PM: T: -3.45; A: 0.18). However, both the FFM and PM soil microbial communities became less similar to the natural sites with increasing moisture.
Discussion
The combined influence of organic matter amendment and vegetation on soil microbial community Based on plant cover (Fig. 1) , we found that the use of FFM placed the vegetation community on a faster trajectory to ecosystem recovery. Differences in vegetation between the two reclamation treatments were linked to both total plant cover and species composition. Our results agreed with previous vegetation surveys completed on these sites, which noted significant differences in vegetation between the two treatments on all three sites. At Site 1, records from 1999 indicated plant cover to be higher for FFM than PM (Mapfumo 2003) , although at the time plant cover was low (1-2 %), and much lower than what we measured during our study (10-30 %). Further, on Site 3, an assessment completed in 2004 reported that plots reclaimed with FFM had significantly higher plant richness, diversity and total density than plots reclaimed with PM (Mackenzie and Naeth 2006) . Total microbial biomass on all reclaimed sites increased approximately 480 % throughout our sevenyear monitoring period (Fig. 3 ), yet it failed to reach levels comparable to the natural reference stands. Total microbial biomass (total PLFAs) on the natural sites was comparable to the ranges reported in undisturbed aspen and mixedwood forest soils of western Canada, measured in central Alberta (Hannam et al. 2007 ) and the Athabasca Oil Sands Region (Dimitriu et al. 2010) . While total soil microbial biomass was similar for the two reclamation treatments when calculated on a pergram of soil basis, results change when total biomass is calculated on a per-gram of soil carbon basis. Indeed, since the PM treatments contained approximately twice as much soil carbon as the FFM plots (Table 2) , microbial biomass within the PM plots (per g of soil carbon) would be much lower than within the FFM plots. This indicates that organic matter composition, more so than its total amount, was affecting the microbial community within the reclaimed soils.
We found that the soil microbial community composition of the reclaimed sites remained statistically different from the natural stands throughout the sevenyear study. However, the soil microbial community composition on plots reclaimed with FFM became more similar to those found on the natural reference stands than the plots reclaimed with PM (Table 5) . This followed the same pattern as vegetation (Fig. 1) . Changes in microbial community composition have also been suggested to be related to changes in total microbial biomass (Bardgett et al. 1999; Lovell et al. 1995) . Correspondingly, we found that as total microbial biomass increased, the soil microbial community composition of the reclaimed sites became more similar to that of the natural reference stands (Table 5) , supporting this hypothesis. Moreover, a positive correlation between soil microbial biomass and plant cover has been reported as barren reclaimed sites become revegetated (DeGrood et al. 2005; Ponder and Tadros 2002) . Similarly, in our study, the annual increase in microbial biomass (Fig. 3) followed increases in plant cover.
The differences between the FFM and PM treatments may not only be due to initial differences in the composition of the organic amendments, but may also be linked to differences in the plant communities growing on the two types of reconstructed soils (Fig. 1 ). This conclusion is drawn based on the increasing divergence with time between the soil microbial community composition found on the plots reclaimed with FFM and those reclaimed with PM (Table 4) . Tree species and vegetative community composition have a significant impact on soil microbial community composition (Brockett et al., 2012; Grayston and Prescott, 2005) and different plants can host distinctive soil biota (Sylvain and Wall, 2011) . As our experimental design does not allow for the separation of the combined effects of organic amendment and vegetation, we conclude that differences between plots is due to both the organic amendment as well as the vegetation communities becoming established on site. This deduction is further supported by research that has established the influence of vegetation to be most strongly expressed in the soil layer formed by new or fresh litter inputs (Leckie et al. 2004) , similar to that which we measured.
Soil microbial community response to moisture As previously reported by McMillan et al. (2007) , soil gravimetric water content was lower on all reclaimed plots than on the natural reference stands (Table 2) . We hypothesized that because gravimetric soil moisture in the reconstructed soils (8-17 %) was significantly lower than that of the undisturbed soils (60 %), by increasing moisture, and hence lifting this potential limitation, the microbial communities on the reclaimed sites would become more similar to those found on the references stands. Our results, however, showed a completely opposite trend, since we found that increasing soil moisture in the laboratory experiment increased the difference between reclaimed and natural soil microbial community composition (Fig. 4) . Previous work has found increased moisture to increase microbial respiration and microbial biomass nitrogen in soils reclaimed with both FFM and PM (McMillan 2007) . The authors found that soils reclaimed with FFM had higher respiration rates and microbial biomass N than those reclaimed with PM; though, neither the rate of respiration or microbial biomass N in either reconstructed soil ever reached the levels observed in the natural reference soil (kept at its original in situ moisture content) (McMillan 2007 ). Here we conclude that differences in the soil microbial composition between the reclaimed sites and the natural forest stands were not solely due to a moisture limitation, but rather to more complex and indirect soil-plant interactions. This conclusion is further supported by the lack of correlation found between sampling date (year), the grouping factor found to have the greatest influence on soil microbial community composition of reclaimed sites (Fig. 2) , and either annual or August precipitation.
As well, our results suggest that the natural forest soil microbial communities we sampled may be more robust to environmental change than reclaimed soils in the AOSR. When the soil microbial communities of both the reconstructed and natural soils were assessed together, the natural soil (from the aspen-dominated natural forest stand) appeared more resistant to changes in moisture content than the reconstructed soils (Fig. 4) . Many studies have concluded that natural soil microbial communities are sensitive to fluctuation in environmental conditions (Bardgett et al. 1999; Swallow et al. 2009; Wilkinson et al. 2002) ; however, this conclusion has been based mainly on observational differences in the soil microbial communities linked to different sampling dates. Soil microbial community resistance to changes in soil moisture is thought to be determined by the inherent characteristics of the microorganisms present (Vangestal et al. 1993) . Jangid et al. (2011) identified land use history as having a stronger influence on soil microbial communities than vegetation or soil properties. Thus, reclamation or site history may be the reason the reconstructed soils, both FFM and PM (after 6-12 years since reclamation) responded similarly to one another but differently from the natural site. Furthermore, the variation in response to moisture observed between the reconstructed and natural soils is a clear indicator that the soil microbial communities in the reclaimed plots differ from or are not yet functioning as those in the natural stands.
Importance of native organic matter and vegetation for reconstructing soils
The use of FFM as a soil organic amendment has been shown to be advantageous in terms of native upland forest vegetation establishment and survival when reclaiming sites in northeastern Alberta (AMEC Earth and Environmental 2006; Brown et al. 2003; Mackenzie and Naeth 2006; Mapfumo 2003 ). Here we found that the use of FFM also promoted the development of soil microbial communities more similar to those found on natural forest stands than did the use of organic materials salvaged from surrounding peatlands. Similarly, within each site, the vegetation on the plot reclaimed with FFM was more similar to the vegetation on the plot reclaimed with PM. Thus, the accelerated development of the "natural", or target, soil microbial communities we observed on the plots reclaimed with FFM, may be linked to the similarities in plant communities found between these plots and the natural forest reference stand.
The exact timeline required for full microbial recovery following soil reconstruction is difficult to predict and depends both on environmental conditions and on the reclaimed target ecosystem. For instance, following surface coal mining in the semiarid region of Wyoming, microbial biomass carbon in soils reclaimed to grasslands recovered to predisturbance levels after 11-26 years (Anderson et al. 2008) . However, several other studies both within (Mummey et al. 2002a (Mummey et al. , 2002b and outside the aforementioned region Donn (Banning et al. 2011; Dimitriu et al. 2010; Insam and Domsch 1988) have reported that soil microbial community composition and biomass of reclaimed soils remained different from pre-disturbance conditions even after 20 years since reclamation. Further, the investigation of artic soils has revealed that the structure and function of soil microbial communities did not vary despite long-term environmental changes such as increased temperature and increased nutrient availability (Lamb et al., 2011) . Alternatively, it has been suggested that reclaimed sites might develop into unique or "novel" ecosystems wherein elements from the target or reference ecosystem are integrated with components from the newly established or reclaimed landscape (Hobbs et al., 2009) . Reclaimed sites in this study appear to be on a trajectory towards ecosystem recovery in terms of soil microbial biomass. However, six (Site 3), 10 (Site 2) and 12 (Site 1) years after reclamation the reconstructed soils only support, on average, 20 % of the total microbial biomass found in the natural reference soils. This establishes that the time needed to reach ecosystem recovery at these sites will extend well beyond a Fig. 4 NMDS ordination of topsoil PLFA profiles from natural and reclaimed sites in the Athabasca Oil Sands Region, which were incubated for 6 months at four gravimetric moisture contents (15 %, 30 %, 45 % and 60 %). The T value represents the difference(s) between groups, a more negative value signifying a greater difference; the A value represents the variation within groups, where 1 signifies that all points within the group are identical and 0 indicates a variation equal to that of random numbers; and the p value represents the significance of these values (Zimmerman et al. 1985) decade, or alternatively, suggests that soil microbial composition may never return to pre-disturbance composition.
